Sunlight-Induced Pathogenesis in Systemic Lupus Erythematosus  by Zamansky, Glen B.
0022-202X/85/8503-0 179$02.00/ 0 
THE JOU RN AL O F I NVESTIGATI VE DERM AT O LOGY, 85: 179- 180. 1985 
Cop y r igh t CQ 1985 by The Willi ams & Wilkins Co. 
Vol. 85, No.3 
Printed in U.S.A. 
EDITORIAL 
Sunlight-Induced Pathogenesis in Systemic Lupus Erythematosus 
Systemic lupus erythematosus (SLE) is an extremely heter-
ogen eous diso rder which produces a broad spectrum of ill -
ness in patients . Immunologic abnormalities, genetic factors, 
vi ruses, and environmental stimuli have been t hought to con-
t ri b ute to t he dive rse clinica l and serologic features of SLE. 
Patients exhibi t a variety of serum ant ibodies reactive with 
cellula r components, and ant ibodies directed against several 
nuclear ant ige ns a re usually presen t. High levels of antibodies 
aga inst double-stranded DNA have been considered spec ific for 
S LE and immune complexes containing DNA are believed to 
p lay an important role in t he pathogenicity of this disease. 
H yperacti ve B lymphocytes and immunoregulatory dysfunction 
of T lymphocytes appea r to be responsible for t he abundance 
of a u toant ibodies. 
Throughout t his century, reports in the biomedical literature 
have documented the sensit ivi ty of patients with lupus ery-
t h e m atosus to sunlight. Cutaneous manifestat ions of SLE are 
found predominantly on sun -exposed a reas. Skin lesions a re 
gen e ra lly pleomorphic, ranging from pe rsisten t eryt hema to 
macules or bullous les ions. The butterfly- like erythematous 
erupt ion ove r t he ma lar region and bridge of the nose has been 
con s idered a hallma rk of the disease, t hough it does not occur 
in a ll patients . Exposure to sunlight can cause new skin erup -
t io n s, exace rbate existing les ions, cause progression to unex-
posed areas, or induce systemic activi ty . The incidence of such 
p hotosensit ivi ty vari es greatly among studies , but has been 
rep o rted to be as high as 58%. Cutaneous responses in sun -
sen s itive pat ients have also been elicited by exposure to UV 
radiation under cont rolled laboratory condi t ions [1 ,2]; t he le-
s io n s produced closely resembling those t hat occur naturally. 
In spite of t he frequency of photosensitivi ty in SLE, the 
m ec hanisms by which UV radia tion alters t he pathogenic 
cou rse of t his disease remain poorly understood. Neve rtheless, 
resul ts from several experimental approaches have implicated 
UV -induced damage of ce llular DNA as an important factor in 
S L E. The depos it ion of immunoglobulin and complement at 
t h e dermal-epidermal junction occurs at t he s ite of cutaneous 
les ions and in normal-appearing s kin of S LE patients. The 
localization of immune complexes at t he de rmal-epidermal 
jun ction may resul t from the deposit ion of circulating com-
p lexes or may be due to t he formation of t he complexes at t he 
basement membrane. It has been suggested t hat DNA released 
fro m epidermal ce ll s as a consequence of UV -induced ce llula r 
injury may react wi t h circulating antibodies [3,4 ]. Since a 
h igher incidence of immunoglobulin depos its appea rs to occur 
in sunlight-ex posed area, UV -induced a lte rations of cellular 
DNA may be involved in stimulating t he formation of certain 
im mune complexes found in cuta neous lesions [5,6]. !a- pos it ive 
T ce lls binding to UV -damaged D NA may also cont ribute to 
t h e pathogenesis of cuta neous lupus [7]. 
E xposure to UV radiation alters t he antige nicity of DNA, 
a n d ant ibodies in t he sera of SLE patients react wi th irradiated 
DNA [8]. Al t hough some SLE ant ibodies aga inst nonirrad iated 
DN A crossreact with UV-damaged DNA (UV-DNA), at least a 
port ion of the ant ibodies in SLE se ra appea r to react spec ifi -
cally wi t h UV-D NA. It is t herefo re interesting to note t hat 
mice immunized wi t h UV-DNA develop immune complexes at 
the dermal-epidermal junction upon subsequent exposure to 
UV radiation [3]. Preimmunizecl animals a lso deve lop glomer-
u la r deposits of immune complexes upon administration of UV-
DNA [9). Since in vivo exposure to UV radiation causes DNA 
lesions in human skin and since the secondary structure of 
DNA is an important determinant of the spec ificity of ant i-
DNA ant ibodies, it is possible that irradiation of SLE skin 
resul ts in the format ion of structural alte rations which enhance 
the antigenicity of DNA. Whether or not structurally altered 
DNA, which may be released from damaged cell s into t he blood 
stream, actually leads to higher levels of immune complexes 
conta ining DNA and greater t issue damage remains to be 
determined. 
Many of t he experiments described above were per fo rmed 
with short -wavelength (UVC) UV radiation. The UV radiation 
spectrum has been operationally divided into three wavebands: 
UVC, 200-290 nm; UVB, 290- 320 nm; and UV A, 320- 400 nm. 
Only wavelengths longer t han 290 nm are environmentally 
relevant, since shorter wavelengths do not penetrate t he earth's 
atmospheric ozo ne layer. Because the types and relative fre-
quencies of UV -induced lesions vary at t he different UV 
wavebands, it will be important t hat future experiments em-
phasize wavelengths of UV radiation to which SLE patien ts 
are exposed. It should also be noted that many an ti-DNA 
ant ibodies react wi th other cellular components [10]. It has 
therefore been suggested t hat DNA may not be the primary 
ta rget of t hese ant ibodies. This has yet to be investigated using 
antibodies which appea r to react spec ifically wi th UV -DNA. 
Immune complexes which contain DNA have received a great 
dea l of attention because of t heir apparen t pathogenic proper -
ties. Could the persistence of UV -induced DNA damage in SLE 
cells contribute to t his pathogenicity? Evidence has begun to 
accumulate t hat cell s derived from SLE patients or from mouse 
strains t hat experience SLE-like disease do not properly recove r 
from UV-induced DNA damage. Investigato rs have reported 
that UVC irradiation of cul tured New Zealand blac k (NZB) 
mouse fibroblasts results in higher levels of chromosome aber-
rations and lower survival compared to non-SLE mouse stra ins 
[11 ,12]. NZB mice develop an autoimmune diso rder wi th many 
similarit ies to human SLE. More recently, it has been shown 
t hat lymphocytes from murine SLE strains demonstrate in -
creased DNA synthes is and release after UVA irradiation 
[1 3). 
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In the case of human SLE, Beighlie and T epli tz [14] fo und 
that a lower pe rcentage of UVC- irradiated SLE lymphocytes 
inco rporated [3H] thymidine t han did normal lymphocytes and 
suggested t hat t he difference was caused by defecti ve DNA 
repa ir. Emeri t and her colleagues have reported increased levels 
of sponta neous chromosome aberrations in SLE lymphocytes 
and t he isolation of a clastogenic factor from the se rum of SLE 
patients [15]. The chromosome breaking activi ty of t he facto r 
was enhanced by long-wavelength UV radiation . U n fortu-
nately, t he relationship between the presence of UV -activatable 
clastogenic facto r and photosensit ivity in individual patients 
was not investigated. Zamansky et a! have investigated t he in 
vi t ro photosensit ivity of SLE skin fibroblasts and found t hat 
several cell stra ins were hypersensit ive to UV radiation of 
va rying composit ion [16]. T his hypersensit ivity did not appear 
to be caused by an inabili ty to repair UV -induced pyrimidi ne 
dimers, but may have been enhanced by defi cient repa ir of non-
dimer lesions. Alt hough t he relationship between the in vit ro 
UV radiation hype rsensit ivity of SLE cells and t he clinical 
mani festat ions of SLE remains unclear, many of the resul ts 
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discussed above a re consistent wi t h the hypothesis t hat a n 
inabili ty of S LE ce lls to properl y repa ir UV-induced DNA 
lesions may cont ri bute to t he disease process. 
In order Lo ga in ins ight in to t he mecha ni sms responsible fo r 
t he hete rogeneous nature of SLE, investigato rs have grouped 
patients in to subsets in which serologic findings a re co rrelated 
wit h clinica l features. Wi t h rega rd to relationships betwee n 
serologic abnormali t ies and cuta neous photosensiti vity [1 7], a 
t.rend towa rd photosensit ivity has been obse rved in patients 
who express a nt ibodies aga inst t he small ribonucleoprote in 
a nt ige n Ro (immunologica lly identical to the SSA ant ige n). A 
high frequency of photosensit ive patients and a n increased 
number of individuals wit h a nt ibodi es aga inst Ro have also 
been reported a mong pat ients wi t h subac ute cutaneous lupus 
erythematosus. Addi t iona l ev idence t hat t he Ro ant ige n may 
be involved in cuta neous lupus comes from obse rvations made 
in neonata l lupus a nd the di scovery that UV radiat ion enhances 
t he exp ress ion of Ro on t he surface of cul t ured keratinocytes 
[18]. T hi s ce ll surface- bound Ro a nt ige n reacts wi t h ant i-Ro 
a nt ibodies. 
Alt hough t hi s im pressive influ x of resul ts conce rnin g t he 
effects of UV radiation on SLE has recently occurred , progress 
in unde rsta nding UV -induced pathogenes is has been slowed by 
t he absence of an a nima l mode l which di splays a UV -induced 
systemic p rogress ion of t he di sease. In the present issue of t he 
J ourna l, Ansel et al desc ribe a mouse stra in which not only 
deve lops SLE- like disease, but a lso exhibits seve re UV radia-
t ion sensit ivity [1 9]. Anse l a nd his colleagues have compared 
t he effect of b road-spectrum UV radiation on disease in auto-
immune MRL-1pr/ lpr, (NZBxNZW )F, and BXSB mice and 
nonauto im mu ne BALB/c and BlO.A mice. Their results de m-
onstrate t hat UV -irradiated ma le BXSB mice experience in -
creased B-ce ll activity, enha nced levels of serum ant i-DNA 
antibodies a nd re nal glomerul ar inf1ammatory changes, a nd 
increased morta lity. In agreemen t wi t h ea rli er investigators 
who fa iled to demonstrate increased sensit ivity of 
(NZBxNZW )F, or NZB/N mice, such changes were not ob-
se rved in any of t he other mice. BXSB will clearly be an 
importa nt mouse stra in for fu t ure UV radiation studies. 
As mentioned above, a broad range of immunologic abnor-
mali t ies have been observed in SLE patients. However, we do 
not kn ow t he extent to which ex posure to UV radiation may 
contribu te to t he immunologic p roblems encounte red by pa-
tients. UV rad iation has been found to alter in vivo and in vit ro 
immune functions. Ir radiation of mice wi t h broad-spectrum 
UV inhibi ts their abili ty to reject UV -induced t um ors, dimin -
ishes t he capac ity of Lange rh ans ce ll s to p rocess and/or present 
ant igens, and dimini shes delayed- hypersensit ivity responses at 
t he irradi ated site following exposures to low doses a nd at 
unirradi ated s ites following high doses [20]. Thus local a nd 
systemic effects on t he immune system can resul t from expo-
sure to UV radiation. Several in vit ro effects have also been 
documented, in cluding the recen t obse rvations t hat UV radia-
t ion enhances t he release a nd/o r synt hes is of epidermal thy-
mocyte-activating facto r (ETAF) in human and mouse keratin -
ocytes [21,22 ]. ETAF appears to be biochemica lly s imilar to 
in terleukin 1, a n importa nt lymphocyte-activating factor. How 
UV -induced alte rat ions of t he immune system may lead to new 
skin lesions or syste mic progression of the di sease is an entirely 
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open question. A cont inued growth in our understanding of t he 
pathogenes is of SLE will surely occur as investigato rs begin 
explorin g photoimmunologic responses in SLE. 
Glen B. Zama nsky, P h.D. 
Boston U niversity Schoo l of Medicine 
Boston, Massac husetts 
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